Changes in body protein mass are the result of the simultaneous synthesis and degradation of proteins. Because the rates of these processes greatly exceed those of either protein intake or protein deposition, the turnover of body protein dominates the turnover of free amino acids in the body.
. The effect on nitrogen balance and body protein synthesis of an increase in intake above that required to maintain N equilibrium in individuals of different Similarly, Clague et al. (1983) have proposed that the N loss associated with operative trauma results from both a reduction in body protein synthesis, related specifically to the associated change in nutritional status, and to a pathological increase in the rate of protein catabolism due to the traumatic condition itself.
Food intake Many measurements of body protein turnover have been made under a quasisteady-state of food and protein intake. This is not a true reflection of the pattern of food intake in the normal individual, particularly man. In Fig. I (Parsons et al. 1983 ) are shown the diurnal changes in N excretion that occur in 'meal fed' children. The excretion of urea is increased when food is being ingested but despite this, N is retained during the 'fed' period and lost during the night time fast. Previous work with adults (Garlick et al. 1980 Table 2 ) has demonstrated the same point. While these results show that the changes in N retention are associated with marked changes in body pro-tein synthesis, the changes in the rate of protein degradation are more equivocal in as much as both increases and decreases have been found in different studies ( Table 2 ) . It is possible that this lack of agreement is due to the unsatisfactory nature of the methods that were available for the measurement of protein degradation in these studies. All reported measurements of body protein turnover were calculated from the flux of a single amino acid and the calculation of protein degradation is critically dependent on the assumption that is made with regard to the relationship between the labelling of free amino acids in blood and tissues. Clugston & Garlick (1982~) have pointed out that, whereas an error in this assumption affects the magnitude of changes in protein synthesis it does not alter the direction of any estimated change but a similar error has the potential to alter the direction of the apparent changes in protein degradation. In the study of 
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Vol. 42 the labelling of blood a-keto-isocaproic acid which, being derived from the metabolism of intracellular leucine, may be a better estimate of the labelling of free leucine in the intracellular phase. As such we should, at present, accept that their observations of the changes in body protein degradation are the most valid, but more work on this is required. One of the most striking observations of both Clugston & Garlick ( 1 9 8 2~) and Rennie et al. ( I 982) was the rapidity with which body protein synthesis and amino acid oxidation altered once food intake had ceased. It seems likely that this is a measure of the rapidity with which simple diets, ingested frequently, are cleared from the stomach. Results with meal fed rats (Garlick et al. 1973 ) also demonstrate that once food intake ceases, muscle protein synthesis falls only when the stomach has emptied of food. Clearly, changes in the signals that link the intake of nutrients and the turnover of body protein occur rapidly once the absorption of nutrients ceases.
The information in Table 2 relates only to the changes that occur in the whole body and this, of course, represents the sum of the activities of many different cells. Are all the major tissues equally affected?
Recent evidence in man (Rennie et al. 1982) shows that the changes that occur in skeletal muscle protein synthesis on fasting were proportionally greater than in the body as a whole. Thus, on fasting, whole body protein synthesis fell by 35% and the rate of protein synthesis in skeletal muscle by 50%. This implies that protein synthesis in other tissues changes to a lesser extent and direct evidence from rats confirms this conclusion (Table 3) . Indeed, it seems that the rate of protein synthesis in the skeletal musculature is inherently more sensitive to nutritional change than it is in other tissues. It could be concluded that muscle protein deposition is also more sensitive to nutritional deprivation than protein deposition in, say, the skin or gastrointestinal tract (other major contributors to body protein mass). However, changes also occur in protein degradation and these minimize the short-term loss of protein. Although skeletal muscle may be an important contributor to a gain or loss of body protein this is a reflection more of its large contribution to body protein mass than of an exaggerated proportional gain or loss of protein in the musculature. The effect of longer term changes in food intake Information on the effects of changes in the whole diet, both above and below that required for energy equilibrium, are shown in Fig. 2 . Both in the adult (below maintenance) and in the immature (above maintenance) there are co-ordinated changes in both protein synthesis and degradation. The slope of the line relating intake to protein synthesis is steeper than that relating intake to protein degradation and it seems that, quantitatively, protein synthesis is the most important factor controlling N retention under these circumstances. However, it is equally important to recognize that the slopes of both lines are positive, i.e. that increased intake results in higher rates of both protein synthesis and protein degradation and this is true both above and below body N equilibrium. Vol. 4 2
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In the experiments summarized in Fig. 2 it was food intake that was altered; that is, both protein and non-protein energy were increased in concert. Do these results represent separate responses to dietary protein and energy or are the changes in the relationship between N retention, protein synthesis and protein degradation the same irrespective of the dietary change from which they result?
The problem, however, arises of how to compare the effects of changes in dietary energy and protein. Should the results be interpreted in terms of the response of N retention or in terms of changes in energy intake (the only satisfactory way by which changes in protein and non-protein energy intake can be 'normalized') ? Regarding the first of these approaches, it appears that N retention by adults is less sensitive to a change in energy intake than it is to the intake of protein but this is not true for immature animals (Fuller & Crofts, 1977) . In Table 4 therefore, changes in protein synthesis and N retention are shown in relation to the change in metabolizable energy intake. These results suggest that protein and non-protein energy influence N retention by different mechanisms. In growing pigs, increases in dietary protein markedly stimulate both protein synthesis and degradation and the same seems true of adults below N equilibrium. Indeed, Clugston & Garlick (19826) propose that the immediate response to fasting in adult man is one related only to the change in protein intake. Furthermore, the results in Table 3 show that, in rats, ingestion of a protein-free diet is as effective in reducing protein synthesis as a total fast.
In contrast to these effects of dietary protein, changes in non-protein energy intake influence N retention in association with a small increase in the rate of protein synthesis and a small decrease in that of protein degradation. Even where marked changes in N retention have been effected, the changes in both protein synthesis and protein degradation barely attain statistical significance (Reeds, Reeds, Fuller et al. 1981 ). This emphasizes the point that very small proportional changes in protein turnover have the potential to produce marked changes in both N retention and free amino acid concentrations. Table 5 ). It appears then that the separate components of the diet affect the mechanisms that link nutrient intake to protein synthesis and degradation in different ways. In general terms there seem to be three main possibilities by which protein turnover could be modified by dietary intake. First, that the nutrients themselves are the main signal for the change in protein metabolism acting by a 'mass action' mechanism; second, that specific nutrients or their metabolites could act, in a manner analogous to allosteric modifiers of other enzymes, to amplify the protein synthetic or degradative responses to changes in extracellular substrate concentrations; third, that the changes in tissue metabolism are a response to hormonal signals which act on tissues either alone or synergistically with the nutrients or their metabolites.
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Possible mechanisms of control of protein turnover by nutrient intake
The first of these possibilities seems unlikely. One striking feature of many of the observations on nutrient intake and protein metabolism is the small extent to which the concentrations of the main substrates are altered. For example , Millward et al. (1976) were unable to obtain any correlation between free amino acid concentrations in muscle and the rate of muscle protein synthesis under a number of circumstances. Similarly, there is no change in blood glucose concentrations in pigs receiving high-carbohydrate diets nor in ketone body concentrations in animals receiving high-fat diets despite the fact that marked changes in N retention can be effected by these dietary means. Even when the intake of protein is increased by 5070, the changes in blood amino acid concentrations are small. Nevertheless, there is a considerable body of evidence from studies performed with Vol. 42 Amino acid metabolism in clinical medicine 469 isolated tissues that specific compounds, especially leucine and its metabolites, have effects on protein synthesis and degradation which are not directly related to their role as substrates for the processes concerned (Buse & Reid, 1975; Tischler et ol. 1982) and such observations lend support to the second mechanism.
However, the changes in extracellular amino acid concentrations which are required to bring about changes in protein synthesis in vitro are much greater than the changes in blood amino acid concentrations which normally accompany changes in nutrient intake sufficient to alter the rates of protein synthesis and degradation in vivo. In addition, McNurlan et al. (1982) have been unable to demonstrate that the administration of a large dose of leucine affects the rate of protein synthesis in the skeletal muscle of rats even under conditions where the animals had suffered a depletion of body protein. Consequently it is difficult, at present, to conclude that changes in amino acid concentrations in general and in the concentration of 1eucir.e in particular are primary stimuli to the synthesis of body protein.
The third mechanism of control involves changes in the hormonal status of the individual but this does not deny the primary role of nutrient supply, as the nature and amounts of the nutrients absorbed from the gastrointestinal tract presumably provide the initial stimulus for a change in the pattern of hormonal secretion. However, both the identification of the critical hormones and the precise ways in which physiological variations in hormone concentrations influence protein turnover in the intact organism are far from certain. On the basis of correlations between food intake and their concentrations, four hormones seem worthy of immediate attention: insulin, cortisol (or corticosterone), pituitary growth hormone (acting perhaps via the sornatomedins) and glucagon. Work in vitro has demonstrated effects of all these hormones on skeletal muscle protein synthesis but corresponding evidence in vivo is sparse (however, see Garlick et al. 1983 ). Correlations of hormonal changes with changes in urea synthesis and leucine turnover (Fig. 3) demonstrate the important point that a change in the concentration of a single hormone is not necessarily the most important factor but that the balance between catabolic (cortisol in Fig. 3 ) and anabolic (insulin) influences must be considered. In addition, the results show that the hormonal status of an animal, once it has adapted to a particular diet, may not be the same as that during the period of adaptation and it is possible that transient changes in the concentration of a hormone may affect the subsequent sensitivity of its target tissue.
Another approach to this problem is to study the metabolic effects of 'normal' variations in hormone concentrations. Virtually no work has been reported on the normal animal. results of this study (Abumrad et al. 1982 ) are similar, with respect to the change in whole body leucine turnover, to those observed in pigs during the early part of the experiment illustrated in Fig. 3 .
Experiments designed specifically to investigate the effects of physiological variations in hormone concentrations on protein metabolism are a recent development and any comments on the significance of recent work are premature. However, the fact that attempts are being made to examine this aspect of the control of protein metabolism demonstrates that there is now confidence in the validity and sensitivity of the currently available techniques for the study of protein turnover in vivo. This is a measure of the extent to which the techniques have been developed in the last 5 years.
Conclusion
The quantity and nature of the major nutrients absorbed by the individual has a major influence on the accretion of body protein, and the nutritional status of the 
